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Abstract
Planting trees that weigh over 200 pounds normally requires three or more able persons.
Therefore, a device that allows a single person to easily and efficiently plant such trees
possible by one person is highly desirable. During a Product Design class in the Mechanical
Engineering Department at the Massachusetts Institute of Technology, a group of 14 students
developed a series of four concept models which culminated in a Final Prototype of such a
product that can successfully lift, move and plant trees of over 200 pounds. This paper is
aimed at documenting this series of designs and analyzing, testing and further developing the
Final Prototype built in the course in order to make it marketable. Based on customer
feedback, testing results, and user interaction, revisions to the next prototype of this device
are proposed. Testing with trees of 170 and 370 lbs determined that the current outrigger
stabilizing mechanism needs modification. The current outriggers, which are stored inside
the frame, sustained maximum loads of 29 lbs for the 170 lbs tree, and 46 lbs for the 370 lbs
tree. A sketch model built to simulate the outrigger mechanism suggests that the outriggers
should be attached outside the base frame of the device rather than stored inside. The revised
device is also to include two stacked pipe clamps for securing the vertical member members
of the outriggers. The upper and lower frames are to be reduced in width from 42 to 36
inches, making the device more compact while still accommodating tree root balls of up to 3
feet in diameter. Nylon insulation of the current winch wire is necessary to prevent damage
to tree trunks while operating the device. These design revisions will improve the
performance of the device Final Prototype and are believed to make the revised device
commercially viable on the product market.
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1.0 Introduction
Planting trees of over 200 pounds normally requires a group of three or more able
persons, and heavier trees require even more man power. The process includes digging a
large hole of at least twice the diameter of the root ball, lifting the tree, moving it to its
desired final location, and carefully lowering the tree to prevent damage or injury [1]. A
single-person operable device that can be used to ease this process is a beneficial tool for
landscapers and other tree planters. In addition, making a device operable by only one
person can drive down labor costs and increase productivity and efficiency. The City
Roots program of Boston is an organization that focuses on moving and planting trees in
urban areas. This non-profit organization has been the motivation for this project.
Currently, the program relies on both youths and elderly volunteers to plant their trees.
The difficulties associated with moving and planting trees by such volunteers made the
need for a device that could assist in the process.
During the course 2.009, a product development class in the Mechanical
Engineering Department at the Massachusetts Institute of Technology, a prototype for a
device that can be used to lift, move and plant trees was developed and built by a group
of 14 students. The device that was built was tested and able to successfully lift,
maneuver, and plant trees over 200 pounds. The final prototype was developed after a
series of modifications and iterations to previous design ideas. The final Alpha Prototype
that was presented is shown below in Figure 1.
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Figure 1: The tree device being demonstrated during the final presentation. It is holding
a tree of over 200 pounds and being operated by one person
The folding capabilities of the device were important to its portability, making
transportation in the bed of a standard pick-up truck possible while leaving room for
other objects as well. The aluminum frame provided a lightweight body and strongly
reinforced structure capable of handling heavy trees and impacts from obstacles. With
careful design and building of the device, the team of students was able to create a
working product from start to finish that was directed towards tackling the difficulties
associated with tree planting.
The goal of this thesis project is to take the alpha prototype presented in the class
and analyze it based on its testing, user and customer interaction, and ability to enter the
market as a commercially viable product. In addition, various design improvements are
proposed based on testing of the prototype and user feedback. The tree moving device
was met with enthusiasm from design engineers in the Boston area as well as tree
planting organizations, and thus encouraged the exploration of further marketing and
effectiveness capabilities. The markets that will be analyzed are the current landscaping
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and tree planting market for home gardeners and small-scale landscapers. Current
contact with the City Roots program has provided the majority of the customer feedback.
The thesis also chronicles the evolution of the design all the way from a simple
paper sketch to the working prototype that was presented at the final review. Four
milestones reached during the class helped to guide the design along a path that had many
choices and ideas. With each design concept, however, significant changes were made to
improve both aesthetics and the functionality of the design.
Testing was performed as a part of this thesis on the device subsequent to the final
review. The tests and results are documented to gain an understanding of the device's
abilities to repeatedly lift and plant trees as well as get a better range of tree sizes that it is
able to lift. From the testing results, it was made clear that there were noticeable areas
for improvements even after the final prototype of the class was presented.
By combining the market guided need for such a product with user interaction of
the device and testing results, suggestions for a fifth design concept are made for the
improvement of the device. With these results and design ideas, the device is one step
closer to being finalized as a product.
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2.0 Market Analysis
A product that can be used to lift, move and plant trees would be primarily useful
to landscaping organizations. The City Roots program of Boston is a non-profit
organization in the area that plants trees at various times of the year between the spring
and fall. In addition, this type of device could be used by small-scale landscapers, home
gardeners, and other organizations like City Roots. This type of product could provide a
tremendous advantage to these types of organizations.
There are many different types of trees that are planted each year. Amongst the
types of trees that are most commonly planted are coniferous and deciduous. These trees,
shown in Figure 2, differ in size and shape and season of bloom. These trees, which are
often planted by landscapers, homeowners, and non-profit organizations, can be difficult
to plant because of their occasional large size and weight. In addition, it "requires a
group of people to maneuver these heavy trees around a planting location" [2]. A device
that can be used for both of these types of trees and operated by a single person would be
an ideal tree planting equipment addition.
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Figure 2: Coniferous trees (left) and deciduous trees (right) at a nursery before planting.
The root balls generally weigh between 150 and 300 lbs, an ideal range for the tree
moving device.
2.1 Market Attributes for Customers
The key product attributes for a device that can lift, move and plant trees vary
with respect to customer. The most important attributes which are taken into
consideration for the different types of potential customers are: device portability; ability
to maneuver, lift, and plant large trees; single person operation; and competitive sale
price and affordability. These attributes of importance are based on feedback from users
affiliated with City Roots.
Even though each of the key product-attributes is important for a successful
device, some of the characteristics may be relatively more critical for a specific customer
group. For landscaping companies, it would be advantageous to own this type of device
because landscapers work at remote locations and often plant in addition to transporting
trees. Single person operation would drive down labor costs for landscaping companies.
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For home gardeners who plants trees on their own properties, this device would also be
very useful and efficient. Many of these people are homeowners and recreational
gardeners who do not have multiple workers at their disposal so it would be very
important for such a device to be operable by a single person and for the device to be low
cost. A competitive price and the ability to plant large trees by a single person are the
key attributes for home gardeners who would be interested in purchasing such a device.
Non-profit organizations that plant trees would look for a competitive price, portability to
reach remote location sites, and the ability to quickly and efficiently plant trees into
holes. For an equipment rental company, which would be renting such a device to
customers such as home gardeners, it would be very important that the product is easily
transportable from the company to the location site. A low price would be a factor in the
decision of a rental company to purchase such a device, but renting out of the device
could quickly make back the initial purchase cost.
Table 1, below, summarizes the different types of customer and the key product
attributes that would be likely to affect their decision to buy this product.
Table 1: Types of potential customers and the major product attributes affecting decision
to buy the device.
Customer Key Product Attributes
Landscaper Device Portability, Ability to Plant Large Trees
Home Gardener Single Person Operation, Competitive Sale Price
Non-profit Organization Device Portability, Ability to Plant Large Trees, Competitive Sale Price
Equipment Rental Company Device Portability
2.2 Other Competitive Products
There are two other types of related products that are currently being marketed,
which can be used to lift, move and plant large trees. The first of these types of products
9
is what is commonly known as a tree dolly [3]. The other type of product, produced by a
company called Tree Toad and is known as the Tree Toad Tree Transporter [4].
A tree dolly is a product that can lift and move trees. Tree dollies come in many
different sizes, and can accommodate many different sized and shaped root balls and
trees. These dollies can be used to lift and move trees to a location that is near the hole in
which a tree is going to be planted; however, the dollies do not offer any assistance to a
user as he or she is lowered the tree into the hole. These devices can be easily transported
to location sites, and "one person can usually handle most trees alone."
Tree dollies typically cost between $350 and $550, and their price varies
depending on the size of the tree which can be accommodated. Figure 3 below shows a
picture of one type of tree dolly that can accommodate a root ball of up to 40". The
device measures 62" in height, 34" in width and has a 20" cradle. [5]
Figure 3: A competitive product, known as a tree dolly, which
can be used to lift and move trees.
The product advantages and disadvantages for such a device are summarized in
table 2 below.
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Table 2: Product advantages and disadvantages of a competitive product, a tree dolly.
Product Advantages Single Person Operation
Competitive Price: $350 -$550
Device Portability
Ability to Lift, Move Large Trees
Product Disadvantages Lack of Ability to Plant/Lower Trees
The main product disadvantage that comes from using a tree dolly is that it does
not assist the user with the process of planting the large tree. For a very large tree, the
process of planting the tree can require as much as 4 persons to do and it is often the
timeliest part of the entire planting process. A key design improvement over the tree
dolly is that this device will significantly aid the user in planting trees.
The TreeToad Tree Transplanter, on the other hand, can dig out previously
planted trees in addition to moving and planting new trees. Tree Toads come in different
sizes, and can accommodate different sized rootballs and trees. These devices are
difficult to transport to a location site because of their large size. Tree toads typically cost
between $850 and $2520 [6]. Figure 4 shown below is a 32" 6-spade model of a
TreeToad Tree Transplanter.
1
Figure 4: A competitive product, known as a TreeToad Tree Transplanter, which can be
used to lift, move and plant trees.
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The product advantages and the product disadvantages for such a device are
summarized in Table 3 below.
Table 3: The key product advantages and disadvantages of a competitive product, a Tree
Toad Tree Transplanter.
Product Advantages Single Person Operation
Ability to Plant/Lower Trees
Ability to Lift and Move Large Trees
Ability to Dig Holes
Product Disadvantages Lack of Device Portability
High Price: $850 -$2450
The main product disadvantage of the Tree Toad Tree Transplanter is that the
device is large and consequently can be difficult to transport to a location site. In
addition, the TreeToad is relatively expensive when compared to the tree dollies that
were previously mentioned.
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3.0 Product Development Process
The following section documents the evolution of the tree moving device
throughout the semester-long course. With a design team of 14 mechanical engineering
seniors, each step was carefully analyzed and criticized before being carried out. The
team consisted of some students heavily focused on engineering product design with
others concentrating in management and economics. The ideas and input from such a
group of student engineers rendered a product that was both highly technical, yet
commercially viable and market oriented.
3.1 Evolution of the Product Design
The device evolved from an increasing pool of ideas as the semester progressed,
but there were four major milestones during the term that ultimately shaped the final
design and helped guide its progression. These design concepts began with an initial
brainstorming session to pinpoint a particular project on which to work. Once the tree
moving goal was selected, drawn sketches as well as simple sketch models were
constructed to gain an idea of how the product would work. From these models, the next
design concept was to incorporate a more robust design that actually worked. This
concept would also give an idea of how the product interfaced with users who would
regularly operate it. By learning from each individual design concept and working
towards fixing each concern, a complete design was produced and presented to a wide
range of reviewers and design professionals.
3.1. la Idea Sketch
Originally, concepts in the course for a semester long product development period
were brainstormed. As a problem that was visible and addressable, the transporting and
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planting of heavy trees was chosen. To create a device that could solve these problems
effectively and efficiently, initial design ideas were sketched out. The first design idea
that was considered involved a frame, strapping system, and two wheels and could be
operated by a single person. The design concept is pictured below in Figure 5.
Figure 5: Initial design concept involving a frame, strapping system, and two wheels.
This design concept could be implemented using a sturdy frame made of
aluminum or steel. The strapping system could be manufactured using chains or nylon
material which would need to be load rated to a capacity that is capable of carrying the
load of a tree.
3.1. lb Design Changes Implemented After Idea Sketch
The main drawback to using such a design concept was the heavy load that was
being carried on the shoulders of the user. Since the intention of the design concept is to
minimize the difficulty of moving and planting a large tree, this design, which requires
the user to carry a portion of the load from the tree on their shoulders, was abandoned.
The main design change that was implemented after this design concept was abandoned
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was to use a mechanical device to significantly reduce the load being carried on any part
of the user's body. In addition, the original design concept involved the operator facing
away from the tree and pulling it along behind him or her. This design only then
addressed the issue of transporting the tree. A device that would make planting and
positioning of a tree easier would require the operator to be facing the tree and location in
which to plant. From the original design concept, these two design requirements were
noted and would be implemented on prototypes in the future.
3.1.2a Hydraulic Jack Model
The second design concept that was considered involved a triangular frame,
hydraulic jack, lifting boom, strapping system, and three wheels. As a mockup prototype,
the second design was intended to provide additional insight basic design concepts that
could be fine tuned for future reviews. The second design is pictured below in Figure 6.
Figure 6: Hydraulic jack mechanism that was used as a basis for the Hydraulic Jack
Model. A jack like the one pictured here was attached to an aluminum frame to complete
the design. [7]
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This design concept could be implemented using a frame made of aluminum and
the strapping system could be manufactured using chains or nylon material which would
once again be load rated to a capacity that was capable of carrying the load of a tree. The
hydraulic jack would also be load rated to a capacity that was capable of carrying the load
of a tree. Figure 7 shows a mockup of the Hydraulic Jack Model.
Figure 7: Mockup of the Hydraulic Jack Model, which utilized a hydraulic jack and
aluminum frame as it is being used to lift and move a tree. Here, a student is operating
the prototype with a test-size tree.
The prototype was successfully able to lift and move trees. Planting trees,
however, was difficult because the device was designed to lift the root balls of trees from
the ground and then could only lower them back to the same elevation. In actuality, the
holes in which root balls must be planted are at least three feet in depth. Thus, a larger
range of heights to which the device could plant and lift from was necessary. In addition,
the tires were not sturdy enough for all landscaping terrain maneuverability and the
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handles were too not robust enough to manage the extreme forces and torques involved
with moving trees of hundreds of pounds.
3.1.2b Design Changes implemented after Hydraulic Jack Model
One of the main drawbacks of the Hydraulic Jack Model is that the device was
large and would be difficult to maneuver and transport around a location site. For
stability reasons, it was necessary to have a large base when using the Hydraulic Jack
Model because the base would prevent the device from tipping over while a tree is being
planted or on inclines and angles commonly associated with landscaping locations. Still,
a large base would require extra material, driving up cost and weight, and also reduce the
portability and storage capabilities of the device considerably. A primary goal to reach
for the next design concept was then to decrease the size of the base while maintaining
stability.
In addition, it was found from testing that the use of a hydraulic jack proved to
have some difficulties with regards to user interaction. Through user trials, it seemed
apparent that many users did not find the function of a hydraulic jack to be intuitive. The
lowering of the root ball with the jack involved quickly releasing amounts of its air
pressure, and made lowering of trees a spasmodic process. The hydraulic jack was very
far from the location of the root ball, which made it an effective lever operator, but the
tradeoff was that the boom experienced an extreme bending moment and visibly
deflected. User comments focused on the slow lifting time associated with the hydraulic
jack, which took nearly thirty seconds to raise a tree just two feet. Also, users found the
hydraulic jack as a possible barrier to eventually making the device portable because it
was placed at the logical folding pivot point.
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The main design changes that were implemented after this design mockup were to
use a winch mechanism rather than a hydraulic jack and to change the design of the
frame. A winch would be much easier, quicker, and more intuitive to operate for raising
and lowering trees. It would also be possible to lower trees into holes rather than simply
back to the height they were lifted from. Changes to the frame would involve making the
base smaller and adding a more user-friendly handle. Additionally, a new mechanism
would have to be introduced for actual testing of tree lowering. When the device would
be placed in front of a hole, and the tree lowered, the device would likely tend to flip over
into the hole, posing a serious injury risk. The next prototype would also include some
type of outrigger mechanism for balancing the device while planting.
3.1.3a Winch Model
The third design idea that was considered involved a modified frame, strapping
system, a winch, a boom, the previously proposed outriggers, and once again, three
wheels. This design took into account the results from the earlier review and included
changes based on the user feedback. The new modified design concept model is pictured
below in Figure 8.
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Figure 8: Solid model of the Winch Model which involves a frame, a winch, a boom,
outriggers, and three wheels. The strapping belts can be readily attached to the boom.
This design concept also employed a frame made of aluminum box extrusions.
The boom as well was made of aluminum box extrusion material and the outriggers were
made of long steel beams. The winch used was a worm gear winch that was load rated at
1000 pounds, well above the necessary capacity [8]. The strapping system was made
using nylon material. The aluminum box extrusions, worm gear winch, outriggers and
nylon materials were all load rated to a capacity that was capable of carrying a tree that
was at least 300 lbs. Figure 9 shows a mockup of the Winch Model. Using the mockup,
one operator was successfully and easily able to lift, move and plant a tree.
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Figure 9: Mockup of the Winch Model which involved aluminum frame, wheels, a
boom, a winch and a strapping system.
The purpose of the designing removable outriggers was to reduce the size of the
main frame. These outriggers would span across the hole and sustain a normal force
from the ground balancing out the moment of flipping forward caused by the tree. They
could be inserted only before loading and unloading the tree and could be removed when
the device was empty or when the tree was already in transportation position, eliminating
many of the difficulties of maneuvering and transporting around the obstacles of the
location site. Figure 10 shows the outriggers being successfully used to position and
lower the tree into a hole.
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Figure 10: Mockup of the Winch Model being used to plant a tree. The outriggers, which
are painted orange, are successfully being used to prevent the device from tipping while
the tree is being lowered.
3.1.3b Design Changes implemented after the Winch Model
The use of a winch mechanism attached to the boom was found to be an effective
mode of controlled lifting and lowering of the tree. Through testing of different types of
winches, it was found that worm gear winches had the best safety and reliability
characteristics. The use of a worm gear winch with an integrated braking system was
necessary to prevent the winch from unloading itself while holding heavy trees in the
upright position.
The use of removable outriggers proved to be an effective way to decrease the
size of frame and still maintain stability while raising and lowering the tree. From
testing, it was found that detachable outriggers were problematic, as users often found it
difficult and time consuming to remove and insert the outriggers each time the tree was
raised and lowered. In addition, even though the outriggers were removable, they would
still have to be transported along with the device in order to eventually load or unload a
tree, and so multiple trips would be required if only one person tried to operate the
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device. For these reasons it was necessary to integrate the outriggers into the frame of
the device.
The use of a boom which was made of one single member was found to be
problematic for two main reasons. It had a tendency to interfere with the tree and
possibly damage the tree by cutting into its trunk while lifted. Also, its connection to the
frame was under heavy load as the tree was being lifted and maneuvered. In particular,
as the tree was being moved around uneven terrain, there were large torsion forces that
were found to cause the pivot points to bend and rotate. In some cases, these torsion
forces were not counterbalanced, and consequently caused instability in the entire device.
By changing the design to involve a two member boom, rather than a single
member boom, the design was able to address these two issues. A double membered
boom would allow the device to lift a tree without having the boom interfere with the
trunk. In addition, an it would divide the load amongst two connecting members rather
than just one member and it would allowed the device to better counterbalance torsion
forces and instabilities that would be caused by these forces. The structural difference
between the single and double member booms are highlighted in figure 11 below.
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Figure 11: (Left) A drawing of the single member boom. (Right) Sketch of double
member boom that is connected with a cross member bar and reinforced with aluminum
gussets.
The frame consisted of aluminum box extrusions that were welded together. The
design of this frame caused high stress at some junctions on the device. In particular,
during testing it was found that some of these points were unable to withstand the stresses
and the welds were broken. The corners of the device where the box extrusions were
welded were the first points to fail when the device was first tested. Figure 12 shows one
of the junction points of the device where the failure occurred.
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m 
Figure 12: Aluminum box extrusion joint after failure. The load from the tree was too
great, and the joint was not adequately reinforced, causing an unzipping like failure.
To avoid having any sharp corners or other points that are under high stress, it
was decided that the aluminum extrusions should be bent rather than welded. By bending
the aluminum, the sharp corners were changed to round corners and the peak stress in any
one point was lowered by doing so. The aluminum box extrusions would be replaced by
aluminum metal tube. Bending the corners would also require that the majority of the
base from is made from one long cylindrical pipe that could be bent in multiple locations.
Cantilevered wheels were used for the front wheels of the device. As the device
was loaded, the shaft that was holding the wheel had a tendency to rotate. To avoid this
problem, the wheels used during the next iteration were changed such that they were no
longer cantilevered. Figure 13 shows the two different types of wheels.
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Figure 13: Two different types of wheel designs. On the left, is a model of a design that
used wheels that were cantilevered. On the right, is a model of a design that avoided the
use of a cantilevered wheel.
Other design comments from users included confusion about how to use the nylon
straps to suspend the root ball, and that the design needed additional portability
capabilities. The final changes, then, would be to change the nylon suspension straps to
metal chains, making the strapping system significantly more intuitive. In addition the
handle and winch portion would be foldable to make the device shorter when folded and
easier to store in a vehicle or storage area.
3.1.4 Final Alpha Prototype
While implementing the design since the Winch Model, different grades of
aluminum were considered for use. Based on the popularity of aluminum 6061 grade, this
type of aluminum was, at first, the type that was to be used to build the frame. The
aluminum 6061 was put into the bending machine and as it was being bent to an angle of
90 degrees, it fractured. The aluminum 6061, which was a circular extrusion of 2"
diameter and 0.125" wall thickness, was unable to withstand the stresses that were caused
during the bending process.
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After finding that aluminum 6061 was unable to withstand bending to large
angles, aluminum 6063 was instead used to build the frame of design concept 4.
Aluminum 6063, which was also a circular extrusion of 2" diameter and 0.125" wall
thickness, was found to be able to be bent to angles of 90 degrees without fracture.
The fourth and final design idea involved a frame which was further rounded and
modified, a strapping system, a winch, a double member boom, outriggers that were
integrated into the design, and three wheels. This design accounted for design changes
that were introduced after the Winch Model was tested. The new modified design concept
is pictured below in Figure 14.
Figure 14: Solid Model of the Final Alpha Prototype involving a frame which was
further modified, a winch, a double member boom from which straps are to be attached,
outriggers, and three wheels. The outriggers (discussed later in this section) are
retractable into the frame.
Components of the aluminum frame were manufactured by bending aluminum
circular extrusions. The pieces of aluminum circular extrusion were then joined by
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welding the aluminum members of the frame together. The frame was further modified
in a way such that it could fold. By making the frame foldable, the overall height of the
device while folded could be significantly reduced. This reduced height is important in
allowing the device to be easily transported and stored. From customer interaction, it was
found that many landscapers and non-profit organizations that plant trees were very
concerned about being able to bring a product such as this to a plant site via a pickup
truck. Figure 15 shows how this folding mechanism is designed and how it functions.
Figure 15: Two configurations of the Final Prototype. (Left) The device is in its
operable mode, prepared to lift or move tree. (Right) The device is in its folded state and
ready to be stored or easily transported.
The strapping system used was made of steel chains and nylon straps. The steel
chains, hanging down from the double member boom, were connected to a nylon strap
which had a seatbelt mechanism that was used to join the ends of the nylon strap
together. The nylon strap could then be readily cinched around the root ball of a tree and
hold it for transportation. The purpose of using steel chains and nylon straps in the Final
Alpha Prototype, as opposed to using just nylon straps which were used in the Winch
Model, was to make it more clear to the user how the use the strapping mechanism. The
hanging steel chains would not tangle with each other, and having the nylon straps at the
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bottom made it more intuitive where the tree was to be gripped from. In addition, the use
of steel chains offered a more robust looking-strapping system. Figure 16 shows the
strapping system that was used.
Figure 16: The strapping system of design four, complete with cable chains for
suspension and belts for cinching of the root ball. The belts can be readily loosened or
tightened with an airplane seatbelt clip.
The double member boom was made using aluminum box extrusion just like the
rest of the frame and the previous single member boom. The aluminum box extrusions
were joints designed to provide a large contact area for welding. To provide additional
support, gusset plates were added at the locations where the comprising members of the
boom were joined. Figure 17 shows the double member boom that was used along with
the strapping system attached.
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Figure 17: Overhead view of the device used for design concept 5. This view shows the
double member boom and winch wiring arrangement used.
The outriggers were integrated into the design with two major components. One
component of the outrigger is a steel square beam that slides horizontally and smoothly in
and out of the aluminum main base frame. Another component of the outrigger is a
vertical bar that slides through a locking mechanism on the horizontal beam and moves
up and down. On the bottom of the vertical outrigger component, a bearing piece with a
flat under surface was added to act as a foot. The feet on the ends of the vertical bars
would push into and hold on almost any terrain, preventing the device from tipping
forward while loading or unloading a tree. The new outriggers could be deployed and
retracted quickly as well as transported along with the device while inactive. Figure 18,
below, shows the outrigger mechanism design.
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Figure 18: The outrigger mechanism of the device is shown here. The horizontal bar on
top can be slid out to a desired length to facilitate force balancing while loading and
unloading the tree. The vertical bar, or outrigger foot, can then be lowered to touch the
ground.
These final modifications and designs after a series of reviews concluded the
semester long course and design of the tree moving device. The following section will
include a detailed testing pattern and validation of the current concept.
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4.0 Customer Feedback
From speaking with potential customers, in particular the City Roots
representatives, about this final presentation prototype, it was clear that there existed
areas for improvement. Feedback forms with viewer questions and concerns were made
available that included improvement suggestions about the device. Among the
improvements suggested, a decrease in size and price, a more intuitive and ergonomic
winch design, and a better working outrigger mechanism were the most frequently
mentioned.
Many of the potential customers of this product seemed particularly concerned
with the current size of this product. It was generally found that the current size of the
Final Alpha Prototype was too large. A large device is disadvantageous for any rental
company because it has little storage and stacking capabilities in inventory warehouses,
and is difficult to transport for customers who rent. A large device is also
disadvantageous for landscapers, or any non-profit corporation, because of its problem
with transportation to a location site where planting will occur.
During the presentation of the Final Alpha Prototype, the price of the
manufactured device was presented at $1,200. This price was an estimate determined by
the group based on an expected material cost for large scale production, labor time, and
industry markup. Some reviewers found the price to be too high for the product's
capabilities. In particular, the City Roots program expressed that "a price of under
$1,000 would be more reasonable and affordable for non-profit tree planting
organizations." [9]
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The winch design on the prototype for the Final Alpha Prototype is hand operated.
One recommendation from a groundskeeper was that an improvement to this design
would be a battery operated winch. Since a battery operated winch would be more costly,
and a battery would need to be charged regularly, this concept will not be implemented.
The outrigger design on the Final Prototype was not sufficiently robust for some
potential customers. One possible way to improve on the apparent strength of the
outriggers is to change the size of the material that is used. By using a larger box
extrusion, the design of the outriggers can be made to appear more robust.
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5.0 Experiments and Testing Results
After the final review, a device made to lift, move, and plant trees by a single
person had been developed and prototyped. However, detailed testing or user analysis
was performed on the alpha prototype to assess its reliability, safety, and general
usability. In this section, a series of tests are performed and documented to generate
ideas about improvements to the original design of the tree planting device. Tests
conducted on two cherry trees of different sizes and weights were used to determine the
parameters that would be best fit to vary. In addition, the continual use of the device for
testing purposes would be very conducive to fostering ideas about the user interface.
Repeated use of the device provided to be the best method of harvesting design
improvements and optimization.
5.1.1 Ability to Lift and Maneuver Trees
The lifting and maneuvering capabilities of the device were tested by using trees
of different weights. The two major tree subjects of the testing experiments are shown
below in Figure 19. The trees, having different size and weight characteristics gave an
adequate range of commonly planted trees.
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Figure 19: Shown are the two trees used for testing and analysis for the tree moving and
planting device. On the left is the smaller cherry tree of 170 lbs. The right one, also a
cherry tree, is over twice as heavy, at 370 lbs.
First, a tree weighing 170 lbs was lifted and maneuvered around a parking lot as
well as a grassy area. It was found that it is possible to lift and maneuver this tree with
relative ease. The process of turning the winch handle was not considerably difficult or
very labor intensive. The winching of the tree still required a bit of strength, but "nothing
too difficult for average-strength home gardening females" [10].
Following the feasibility test on the smaller of the trees, a tree that weighed 370
lbs was lifted and maneuvered in similar fashion. During the loading process, it was
found that it is considerably more difficult to crank the winch handle and lift the tree up
to its maneuvering location. While it was possible to turn the winch handle and raise this
tree off the ground, the process of turning the winch handle was much more labor
intensive, requiring the operator to put in the entire body's effort, and took more time.
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Operators performing tests commented that "the 370 lbs tree was significantly harder to
lift" [11]. Once the tree was lifted to its upright location, it was found that the tree was
maneuverable with the current wheel design. The 370 lbs tree was noticeably harder to
move around just because of its weight on the castor wheel. During turns, the castor
wheel occasionally became difficult to pivot, in effect, increasing the turning radius of
the entire device.
5.1.2 Load Capacities
When testing the load capacity of the current design, the structure of the design
was discovered to be capable of lifting and holding a tree that weighed 370 lbs. In
addition, it was found that the structure was capable of holding 400 lbs of free weights
during an earlier load capacity test. Figure 20 shows the structure holding the 400 lbs of
weight in comparison to the 370 lbs tree used in the tests. With these heavy weights
secured in the straps, the device was still operable. However, it was apparent that there
were high stresses in the joints of the frame and that the device would not be able to
withstand much higher loads. The device was not tested to failure because only one
prototype existed. Failure testing would be very useful in further development of this
device and should be performed if additional prototypes are available in the future.
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Figure 20: (Left) The device in a load testing phase, raising 400 lbs of free weight.
(Right) The device being tested and maneuvered with a 370 lbs tree in the transport position.
These two photos show the load carrying capabilities of the device.
While the structure was capable of holding up to 400 lbs of weight, it was found
that the winch mechanism became difficult to use when trying to lift a 370 lbs tree. In
addition, it was more difficult to maneuver the device with a heavy tree. From the
testing, it was found that, by having a winch mechanism that has a lower load capacity
than the load capacity of the structure, users could avoid machine failure. For instance, by
having a winch that is not capable of lifting a load that would cause failure, the user of
the device will not be able to use the machine to lift a load that will cause any part to
dangerously fail or malfunction.
For this reason, the final design implementation should include a winch with a
lower load capacity than its structural load capacity. By doing so, the winch will impose
a limit based on safety as well as maneuverability of the device, precluding any injury
36
risk or possible problem that could occur after a heavy tree has already been lifted and
positioned.
5.2 Outrigger Testing
Two different types of tests were performed involving the outrigger design
mechanisms implemented in the Final Alpha Prototype. The first of the tests was in order
to determine whether or not there was a need for the outriggers for balancing the device
while loading and unloading. The second test was to determine the load on an outrigger
as a function of the weight of the tree, the extension the winch cable, and extension
length of the outrigger.
5.2.1 Necessity of the Outriggers
In order to determine whether the outriggers were necessary, different trees were
lifted from different positions while the vertical bars of the outriggers were not extended
to the ground. First, a 170 lbs tree was lifted from flat terrain. This tree was able to be
lifted to its upright position on the device without the outriggers being extended onto the
ground. Next, this 170 lbs tree was lifted from a lower elevation than the wheels. It was
found that when this tree was lifted from a hole, or lower elevation similar in depth to
that of a hole, that it was necessary to deploy the outriggers. Without the use of
outriggers, the device is not stable, posing a serious injury risk to the operator. After
lifting this 170 lbs tree, a 370 lbs tree was lifted from flat terrain. This tree could not be
lifted off the ground without the outriggers being extended. Thus, lifting of a tree much
heavier than 170 lbs would require working outriggers regardless of the terrain from
which it was being lifted.
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Based on these test results, it was found to be necessary to include outriggers on
this type of design concept since there can be several scenarios and locations where the
machine will not be operable without them. The outriggers, in addition to facilitating
easier lifting of trees, would increase the safety of operation by balancing the device
while lifting, and preventing accidental tipping.
5.2.2 Load Measurements on Outriggers
Different tests were done to determine the loading on the outriggers under
different scenarios. First, two tests were performed to determine the load on the
outriggers as a function of the length that the outriggers were extended. Next, a test was
done to determine the load on the outriggers when they were extended onto flat terrain
from the device versus when the device was positioned in front of a hole, or a sharp drop
in elevation, and the outriggers were extended into the hole. Finally, tests were
performed to determine the load on the outriggers as a function of the weight of the tree
that was being tested.
5.2.3 Effect of Longer Outriggers
The first test that was done was to determine the load on the outriggers as a
function of the length of the outriggers that were extended. It was found that when the
outriggers were extended further, the load on the outriggers was less. Figure 21, below,
shows the device loaded with a tree and the outriggers fully extended.
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Figure 21: The device is loaded with a 170 lbs tree and the outriggers are fully extended
to a length of 32". The outrigger length can be varied by pulling out the horizontal
member from the frame. This test also included a trial with the outrigger at 16".
The load testing was performed using a simple bathroom scale positioned under
one of the outriggers. The other outrigger maintained contact with the ground due to its
vertical variability and presumably sustained an identical load due to symmetry. To test
the load on the outriggers with respect to the length of the winch cable, the tree was
loaded into its upright, maneuvering position and then the outrigger foot was placed onto
the middle of the scale. The tree was then lowered one half turn at a time and the
resulting loads were recorded. The length of the winch cable that been reeled out was
known and provided precise lengths for each load data point.
While testing the 170 lbs tree, it was found that when the outriggers were
extended by 16 inches and 32 inches that the maximum load on the outriggers were 27
lbs and 10 lbs respectively. Figure 22 shows the load on the outriggers as a function of
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the length of the winch cable extension, when the 16" long outriggers and 32" long
outriggers were used to lower the 170 lbs tree onto flat terrain.
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Figure 22: Load on the outriggers as a function of the length of winch cable that was
extended. The maximum load on the outriggers was 27 lbs and 10 lbs when the outriggers
were extended to 16 inches and 32 inches respectively.
In the figure, it is seen that the load in the outrigger is greater while extended 16"
but stays relatively constant while extended 32". When the outriggers are extended
further, there is an advantage in moment balance and less force is exerted on the
outriggers while maintaining stability and safety. The sudden drop in load on the 16"
extended outriggers marks the length of the cable when the root ball of the tree began to
make contact with the ground. The drop in load when the root ball touched the ground
for the 32" extended outriggers test is also noticeable, but much less drastic. The four
pounds displayed on the scale at length extension of zero inches and the final extension
shows the weight of the foot of the outrigger plus the zero offset in the bathroom scale.
While testing the 370 lbs tree, it was found that when the outriggers were
extended by 16 inches and 32 inches that the maximum load on the outriggers were 46
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lbs and 29 lbs respectively. Again, the maximum load on the fully extended outrigger is
lower than that of shorter extension. Figure 23 shows the load on the outriggers as a
function of the length of the winch cable extension when the 16" long outriggers and 32"
long outriggers were used to lower the 370 lbs tree onto flat terrain.
Figure 23: Load on the outriggers as a function of the length of winch cable that was
extended. The maximum load on the outriggers was 46 lbs and 29 lbs when the outriggers
were extended to 16 inches and 32 inches respectively.
It can be seen that both outrigger lengths now have a relatively constant upward
slope, which is different than the test involving the lighter tree. The 32" outriggers are
now taking increasing weight due to the heaviness of the tree as opposed to the constant
load they were bearing in the previous test. As expected, the 16" outriggers bear more
weight than the 32" extension because they are closer to the center of mass of the system.
Again, the drastic drop in load shows the winch cable length when the root ball hits the
ground and the load in each outrigger is lessened dramatically. In this experiment, at the
maximum outrigger load point, each outrigger was sustaining between 30 lbs and 46 lbs
each, making the total outrigger load between 60 lbs and 92 lbs. These values are a
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significant percentage of the total tree, and prove that while lifting trees of such large
weights, outriggers are entirely necessary to ensure safety.
5.3 Effect of Tree Weight
Additional testing was performed to determine the effect that the weight of the
tree has on the load sustained by the outriggers. To test the effect of the weight of the
tree, two different trees were lowered onto flat terrain while the outriggers were extended
to a distance of 16 inches. It was found that the maximum load on the outriggers when
lowering the 170 lbs tree was 27 lbs and the maximum load on the outriggers when
lowering the 370 lbs tree was 46 lbs. Figure 24 shows the load on the outriggers as a
function of the length of winch cable extension, for the lowering of the 170 lbs tree and
the 370 lbs tree.
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Figure 24: Load on the outriggers as a function of the length of winch cable that was
extended. The maximum load on the outriggers was 27 lbs when the 170 lbs tree was
lowered and 46 lbs when the 370 lbs tree was lowered.
The loads increase at almost an identical rate until the winch cable reaches around
one foot extension. Then, as expected, the heavier tree requires a larger load weight
placed on the outriggers. The 170 lbs tree touches the ground at a shorter extension than
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the 370 lbs tree because of the location in which the trees were cinched. The test verifies
the maximum loads on the outriggers at extension of 16 inches as 27 lbs for the 170 lbs
tree and 46 lbs for the 370 lbs tree.
5.4 Effect of Elevation
In order to determine the effects of elevation and ground conditions on the
outriggers while lifting trees, two tests were performed. In the first test, the 170 lbs tree
was lowered onto flat ground at the same elevation at the wheels of the device. Next, the
same tree was lowered off a curb step roughly a foot and a half high to the flat ground, in
order to simulate the difference between lowering onto the ground and lowering it into a
hole. In both cases, the outriggers were extended to a length of 16 inches. Figure 25
shows the test in which the tree was lowered off a curb.
Figure 25: The device is loaded and prepared for testing from a curb step. As seen in a
previous experiment, the tree device would tip without engaging the outriggers. Here, the
outriggers are still to be extended to the ground before taking data.
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While lowering the tree into a depressed elevation, it was found that there was a
much greater load on the outriggers. While lowering the tree onto flat ground, the
maximum load on the outriggers was 27 lbs; and when lowering the tree onto a lower
elevation, the maximum load was 65 lbs. Figure 26 shows the load on the outriggers as a
function of the length of the winch cable extension when the 170 lbs was lowered onto
flat and depressed elevations.
* Level Elevation
ofn - Mn-Cnr tC i- FI\A+;
OU 
- 70 -
60 -
U)
40
. 40 -
o 30 -
0
,a 20 -
cO,3j I -
0
0 5 10 15 20
Length of Winch Cable Extension (in)
Figure 26: Load on the outriggers as a function of the length of winch cable that was
extended. The maximum load on the outriggers was 27 lbs when the outriggers were used
on flat terrain and 65 lbs when the outriggers were used on depressed terrain.
These data suggest that the use of outriggers is much more critical when a tree is
being lowered into a hole. The load on each outrigger is consistently at least twice as
great on outriggers while lowering into a hole as while lowering the tree to level ground.
From these results, it is apparent that outriggers must always be engaged while lowering
or raising a tree from a depressed elevation in order to avoid flipping of the device.
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5.5 Different Types of Terrain
To get an idea about the maneuverability of the device on various terrains that
could be involved in the tree moving and planting process, the tree moving device was
loaded and driven over different types of grounds. The types of terrains upon which the
device was tested include level concrete ground, inclined concrete ground, grass, dirt, and
snow. First, the device was tested on level concrete ground and it was found that
maneuverability on concrete ground was quick and efficient with the current wheel
design. With this wheel configuration and these types of wheels, the design was capable
of moving and turning easily and quickly on concrete ground. Figure 27 shows the
device as it maneuvered on concrete ground.
Figure 27: The device is loaded and prepared for testing from a curb step. As seen in a
previous experiment, the tree device would tip without engaging the outriggers. Here, the
outriggers are still to be extended to the ground before taking data.
In addition, the device was maneuvered over standard obstacles associated with
concrete ground such as speed bumps and dips. The speed bumps could also simulate
mounds of dirt commonly found around planting areas. The device was very easily
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maneuvered while traveling straight and making slight turns. Sharp turns were also
facilitated by the castor wheel that made them very efficient. The best way to climb over
a speed bump was with the wheels slightly angled so that the device was not driving
directly over it. This reduced the force necessary to be applied while going over
obstacles.
The device was then maneuvered over grass and dirt to determine the feasibility
of this wheel design and configuration for this type of terrain. Movement of the device
through this type of terrain was slightly more difficult than movement on concrete
ground; however, it was still very manageable to push, pull and turn the device while on
grass and dirt ground. The ground was slights damp and wet due to recent rain and
snowfall that added moisture to the terrain. For this reason, the wheels sunk into the
ground a bit more than usual while pushing. Figure 28 shows the device as it is
maneuvered on grass and dirt.
Figure 28: The device is loaded and prepared for testing from a curb step. As seen in a
previous experiment, the tree device would tip without engaging the outriggers. Here, the
outriggers are still to be extended to the ground before taking data.
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The grass and dirt seen in the picture was fairly soft making the maneuverability
less than optimal. However, many dirt and grass planting locations have much harder
ground surfaces. In these locations, the device would be even easier to maneuver.
Through mud, the device could be difficult to maneuver, especially if the tires sink into
the ground significantly. However, this test was performed on relatively uncooperative
terrain and the device was still safely maneuverable.
The ability to maneuver the device through snow was then tested. There were
approximately 2 to 3 inches of snow on the ground in the area where the device was used
and, as expected, it was found that it is more difficult to move the device through snow
than just through dirt terrain. It was still manageable to push, pull, and turn the device on
the snow. Figure 29 shows the device as it is maneuvered on snow.
Figure 29: The device is loaded and prepared for testing from a curb step. As seen in a
previous experiment, the tree device would tip without engaging the outriggers. Here, the
outriggers are still to be extended to the ground before taking data.
For soft snow mounds, shown in the picture on the right, the tires could plow
through the snow with relative ease.
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One of the concerns that arose when testing movement over different types of
terrain was that it was difficult to push the device over curbs that were greater than 3
inches. It was found that it was significantly easier to pull the device over curbs.
One way to allow greater maneuverability over curbs is to increase the size of the
wheels. Based on feedback from potential customers, however, increasing the size of the
wheels is not recommended, since it will increase the size of the overall device in both
the folded and unfolded positions.
5.6 User Interaction
User interaction with the device was monitored to determine potential design
changes that would be beneficial. To gain insight into the use of the device by people
unfamiliar with it, two people were chosen to operate it without any instruction or prior
information except for the overall goal of the device. This would provide information
about whether the tree moving device possesses an intuitive design that can easily be
figured out. It would also give general user observations and suggestions for
improvement.
Based on feedback from users who interacted with the device, suggestions were
made about the maneuverability, portability, and the comfort of operation associated with
it. It was noted that the ability to fold and unfold the device was somewhat difficult. The
folding challenges, however, were due to misalignment between the upper and lower
frames in the prototype. This problem could be rectified with more careful construction,
as the two frames were designed to mate properly. Also, the straps dragged on the floor
as the device was being transported. Finally, it was noted that when the outside
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temperature was approximately 30°F, the aluminum began to feel very cold and became
uncomfortable to handle.
49
6.0 Revised Device
Based on testing and feedback of the manufactured Final Prototype, additional
ways to improve the design were considered. The improvements and design ideas for a
next generation of the device are incorporated in this section, as a suggested way to
design the next iteration of this product.
6.1 Winch Design
The current winch design was implemented using a hand winch with brake
enclosed gear box. The use of this winch design posed two main problems: First, the
winch handle needed to be extended by approximately two feet which resulted in an
awkward looking design. This extension of the winch handle needed to be built in order
to allow the winch to be used without interference with the frame. Second, under high
loads, the winch handle on this type of winch became difficult to turn and often made the
process of lifting a heavy tree very labor intensive and slow.
The possibility of using an electric motor winch instead of a manual winch was
considered; however, it was determined that an electric motor winch was not desirable.
While the use of an electric motor will eliminate the need for a handle extension and will
make the motor less labor intensive, it was found that a motor winch would still not be
feasible since it is not cost effective and would require either a battery or other electricity
source.
6.2 Wheel Design
The Final Alpha Prototype design has three wheels in a tripod orientation. The
front two wheels are non-castor wheels and the back wheel is a castor wheel. It was
found during testing that this type of wheel configuration is stable and maneuverable.
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With this type of wheel configuration, the device was found to be unlikely to tip over and
it was easy to make sharp turns over different terrains, thus changes to the wheel
configuration are not recommended.
6.3 Outrigger Sketch Model
The difficulties associated with the operation of the outriggers, prompted the
construction of a sketch model to develop a new method of designing and operating the
outriggers. The problem with the outriggers from the outset was their storage and
transportation. With the Winch Model, it was seen that the outriggers would be entirely
detachable and would have to be carried along with the tree device separately while not
being used for loading or unloading. In the Final Prototype, the outriggers were part of
the main frame of the device and could telescope out for deployment. In this model,
however, there were problems with the outriggers' horizontal members getting jammed
inside of the frame. This could lead to considerable problems in operation and even
dangerous safety hazards.
The sketch model focused on an idea of having the outriggers still attached to the
frame of the device, but not being stored inside of the frame. Instead, the outrigger
would lie just on the lower frame and slide out smoothly from above. The sketch model
for the concept was constructed with wood, but using the same vertical outrigger
components. In Figure 30, below, the sketch model is shown.
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Figure 30: Sketch model of the next design concept outrigger. This wooden model
displays how the outrigger will be operated and deployed. The horizontal member can
slide in and out smoothly over the frame member. The housing, at the end of the frame
maintains the outrigger angle and keeps it attached to the device.
This model eliminates the need for running the horizontal member of the
outrigger through the base of the frame. The horizontal part of the outrigger will set on
top of the device base frame and smoothly slide out for loading and unloading. After the
tree is securely in position, the outrigger can be slid back in towards the wheel and
facilitate easier transportation.
The block seen above the sliding outrigger resembles the handle bar of the frame.
The handle will operate the same as before, but rest on top of the outrigger. In effect,
there will be no lost space in storage by moving the outriggers on top of the bottom
frame. The handle will now rest horizontally in position, presenting a better engineered
look and when folded, it will appear that there are three members - the handle, the
outrigger, and the base frame - neatly stacked upon each other.
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One problem encountered while operating the outriggers was the inability to fix
the vertical members in place. This was mainly due to the type and quality of the pipe
clamps. As seen back in Figure 18, the outrigger has a clamp on the bottom of the
horizontal member to hold the foot in place. These pipe clamps, however, could only
hold the vertical member without slipping in one direction. The vertical member clearly
needs to be held from sliding up while loading and unloading in order to bear the load of
the tree. The original design took this into consideration and held the outrigger from
slipping up. However, the clamp did not secure the vertical member from slipping down
as a result of gravity and its weight. The safest configuration would be to have a clamp
that locks the vertical member from moving in either direction.
The sketch model was thus fitted with a pipe clamp arrangement that would hold
the vertical member locked in one place throughout the duration of operation. The clamp
arrangement can be seen in Figure 31, below.
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Figure 31: Close-up of sketch model of the next design concept outrigger's horizontal
member. Here, it is shown that the new outrigger will contain two stacked pipe clamps to
secure the vertical member in a fixed position.
It is seen here that there are two pipe clamps stacked upon each other below the
horizontal member of the outrigger. This configuration secures the vertical footing and
keeps it from sliding down or being pushed up. The two engagement levers seen in the
figure both must be held down in order to move the vertical member in either direction.
This reduces the risk of just one lever regulating the movement of the member and
accidentally being pressed, improving the safety and effectiveness of the outrigger
mechanism.
The insights gained from the construction of a simple sketch model can be used to
design adequately scaled outriggers for the next design concept. By taking into account
the aesthetic appeal of a more concise look with the horizontal member sliding smoothly
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above the base frame, as well as the effectiveness of the double clamp arrangement, the
outriggers employed in the Revised Device will be a considerable improvement.
6.4 Frame Design
Based on user feedback reviews, it was determined that while this device is
foldable, it is still generally seen as too large in both the folded and unfolded
configurations. The main way to reduce the size of this device in both the folded and
unfolded configurations is to reduce the width of both the upper and lower frame. The
changes of the dimensions of the frame were based on dimensions of root balls of the
trees which will be carried by the device. A larger frame is suggestive of an ability to lift
a larger tree. In order to design our device in a way that a user does not attempt to lift a
tree that is above the load carrying capacity of the device, the frame should be made such
that it can only hold a tree root ball that is within the load carrying capacity of the device.
By decreasing the dimension of the frame used in the implementation of the Final Alpha
Prototype, a user of this device is much less likely to attempt to lift a tree that is above its
load carrying capacity. The winch is to be one indicator of if a tree is too large to be
maneuvered by one person based on the difficulty of cranking it. The frame width can
act as a secondary protection against lifting trees too large to ensure safety and avoid
injury.
Based on the size of the root balls of the trees that were lifted during testing, the
dimensions of the width of the upper and lower frames were determined. The length of
the lower frame design used for prototype 4 remained unchanged at 39 inches. The width
of the frame for the Final Alpha Prototype was 42 inches and for the frame proposed in
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design concept 5 is 36 inches. Figure 32 shows drawings of the old and new lower frame
designs for the Final Alpha Prototype and the Revised Device.
Figure 32: The old and new lower frames of the device are shown here. On the left is the
old, wider frame. The right frame is the new frame that has been made narrower by three
inches on either side. The length of the device remained the same.
The narrower lower frame will still accommodate root balls of nearly three feet in
diameter. Entire frame, with the extra six inches taken off the width now will have a
more compact look and feel that seemed very important to reviewers. The structural
reliability will not be compromised by decreasing the width of the device and the stability
will not be affected significantly. The frame, now only 3 feet in width can be stored in
any standard pickup truck, even the smaller models.
The upper frame will be changed in a way to eliminate the need for unnecessary
additional aluminum and to make the device appear more foldable and compact. The
handle bar at the end of the upper frame will be removed to make the upper frame shorter
and more desirable ergonomically. With this bar removed, the winch plate will be
mounted onto the handle grip bar itself. Removal of the crossbar has two main cost
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saving goals. First, it decreases the material cost by eliminating extra aluminum material.
It also will decrease the manufacturing and welding time required to make this product.
In addition to the removal of this part, the length of the frame was reduced from 53
inches to 47 inches. The width of the upper frame is also to be reduced so that it stacks
nicely upon the lower frame and the folding ability of the device is retained. Figure 33
shows drawings of the upper frame designs for the Final Alpha Prototype and the Revised
Device.
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Figure 33: The old and new upper frames of the device are shown here. On the left is the
old, wider and longer frame. The new frame, on the right, has been made both narrower
and shorter.
As shown in the figure, the frame is visibly narrower and shorter, giving it an improved
portability and transportation ability. The extra aluminum that was unnecessary from the
original design concept has been eliminated. The combination of these design changes to
the frame base and handle, combined with the sketch model proposal of outriggers fitting
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smoothly between the two will give the device its final look as a compact tool that was
engineered to piece together well.
6.5 Winch Wire Design
While planting trees, the trunks need to be handled with care and should not come
in contact with sharp points or edges. It is important that the tree planting device does
not have any sharp points or other places that come in contact with the trunk that may
cause damage to the tree while it is being lifted, transported, and planted. The bark of the
tree needs to be handled in a way such to avoid damage and bruising during the planting
process otherwise the tree may suffer long term damage. In the case that over half of the
circumferential tree bark is damaged or destroyed, the tree may have serious problems.
Transport of water through the tree becomes more difficult and the tree may lose
branches [12].
In the Final Alpha Prototype that was presented, the tree trunk's bark occasionally
came in contact with the double member boom of the device while transporting. In
specific, the winch wire cable ends that were not nylon coated and the coupling to the
double member boom damaged the trunk and removed bark from the tree. Figure 34
shows the winch wire end attached to the double member aluminum boom in contact with
the tree bark.
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Figure 34: The exposed winch wire and coupling shown here are making contact with
the tree trunk. This contact can be detrimental to the preservation of the tree bark and the
life of the tree.
The damage already done to the tree trunk by contact with the cable and coupling
can be seen in the picture. While raising and lowering the tree, a vertical range of nearly
one foot of bark can possibly touch the wire cable. In addition, the resting position of the
tree can place the trunk on either side of the double member boom, exposing both sides
of the trunk to metal contact and possible damage.
In order to prevent the winch wire and double member boom from coming into
harmful contact with the tree the design must be revised even further. The Winch Model
included a single member boom that created an extreme intrusion on the tree trunk and
jutted directly into the bark. The double member boom, on the other hand, caused a more
passive damage to the trunk. The structure of the double member boom, however, is
optimal for keeping a tree stable and centered. The revision to the design, therefore, will
only involve added padding on over the obtrusive sites. The wire and coupling could be
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covered with foam type material that is also expected to be added to the handle bars.
This change then, in addition to protecting the tree trunk and extending tree life, would
create a more unified artistic design to the device as a whole.
6.6 Revised Device Summary
Improvements and design ideas for the next iteration of this device were suggested in this
section of the paper. Based on testing and user feedback, ideas for revisions to the device
were evaluated for the winch, wheels, outriggers, upper frame, lower frame and winch
wire design. A worm gear winch was found to be the most effective type of winch.
Also, it is recommended that the worm gear winch be a limiting agent on the device such
that the capabilities of the winch should not allow users to lift trees that are heavier than
the device can handle. No changes were recommended for the wheels, since the
previously used wheel design was found to be stable and maneuverable during all tests.
From a sketch model done on the outrigger testing, it was found that it would be
beneficial to have the outriggers attached to the frame, but not stored inside the frame.
The use of two stacked pipe clamps to secure the vertical members of the outriggers was
found to be more efficient than one stacked pipe clamp, and thus the revised device
should include two stacked pipe clamps. By decreasing the size of the upper and lower
frames, the device will be more compact and will still be able to accommodate root balls
of up 3 feet in diameter. Using a winch wire with Nylon coating is also desireable to
prevent damage to the tree trunk while using the device.
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7.0 Conclusion
The City Roots Program was the major motivation for this project. In September
2005, City Roots presented the difficulty of moving and planting trees without
equipment. Their average planted tree weighs 200 pounds, far too much weight for most
normal persons to carry individually. With this challenge in mind, the design of a device
operable by a single person that could lift, move, and plant trees began. During the MIT
course 2.009, the alpha prototype was engineered by a group of 14 MIT seniors through a
series of stages with the help of instructors. The device went from a simple paper sketch
to a prototype capable of addressing the stated problem. The final model of the alpha
prototype of the device was presented in December of 2005 to an audience of engineers
and professionals. This thesis has documented the initial concepts from the construction
of the alpha prototype and builds upon those to propose a more desirable product based
on user testing results and actual customer feedback.
The target market for this type of product is small-scale landscapers, home
gardeners, and non-profit organizations such as the City Roots. For landscapers, the
operability by one person will be an advantage in reducing labor costs. Home gardener
using the device will be able to lift and plant their own trees without enlisting the help of
many other people or turning to private landscaping services. Programs like the City
Roots can improve their productivity and ease the process of tree planting for their many
volunteers. The device is estimated to be more affordable than other existing devices.
The product development process was guided by four milestones until the Final
Alpha Prototype was constructed and presented. Starting with a paper sketch, the idea
transformed through two mockup models before reaching the Final Alpha Prototype
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stage. These mockup models contributed to the final idea of using a winch as the driving
mechanism for lifting and lowering trees instead of a hydraulic jack. They also
transformed an awkwardly shaped base frame into a more rounded frame that was both
functional and aesthetically pleasing. Outriggers, the tipping prevention module, went
through two redesigns as well. A folding capability was the last major component of the
device to be added. The Final Alpha Prototype that was presented was reviewed by a
board of engineers, professionals, and potential customers.
Testing of the Final Alpha Prototype after the final review made it clear that
improvements on the design were in order. The ability to lift and maneuver trees
repeatedly was tested and verified. Testing on two large cherry trees, one of 170 lbs and
the other of 370 lbs, helped in determining the load capacities of the device. It was
determined from loading with free weights that the device could not be used for loads of
over 400 lbs. The difficulty in winching these heavy loads also provided an inherent
safety mechanism by deterring users from lifting extremely heavy trees and creating a
risk of tipping and injury. The outriggers were found to be necessary for normal
operation in order to prevent forward tipping of the device. The device was also tested
on a variety of terrains confirming that the device could be used reliably on grass, dirt,
pavement, and even snow. Operation of the Final Alpha Prototype by the City Roots
organization complemented the testing experiments. The customer feedback gathered
from this interaction contributed to some of the design changes and helped determine
areas of improvement.
A collection of design changes to be implemented after the Final Alpha Prototype
have been presented in thesis. These changes are based on the testing results and
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customer feedback. The outriggers from the Final Alpha Prototype were not very
effective in their locking mechanism and posed problems while transporting the device.
It was determined that the outriggers should contain a double locking mechanism
consisting of two pipe clamps on the vertical member. This would prevent the vertical
member from moving in either direction unless the pipe clamps were actively
disengaged. The horizontal members of the outriggers are to be located between the
upper and lower frames, making the device appear more compact and creating a better
channel guide for the outriggers rather than running them inside of the base frame. The
base frame and upper frame are both to be reduced in width from 42" to 36" to make the
device more portable while still maintaining stability. The upper frame is also to be
shortened by six inches. These decreases in extra material are predicted to keep the
performance of the Final Alpha Prototype device while reducing the size of the device
and the cost of aluminum that goes into production. Finally, the winch wire will be
coated with a non-abrasive material that can prevent accidental damage of tree trunks
while the device is in operation. The winch and wheel designs both are currently
adequate. Significant changes to either would increase the cost of production for the
device and it is suggested that these components not be changed.
These changes for the Revised Device will fuel the next generation of the tree
moving and planting device. Once these changes have been implemented, testing and
customer feedback from the City Roots organization as well as general landscapers and
home gardeners can be used to optimize the product before large-scale production.
The difficulties of moving and planting large trees can be made significantly
easier with the device proposed in this thesis. The Revised Device presented is one step
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closer to making it possible for individuals to move and plant trees safely and more
efficiently. With these design improvements to the course 2.009 Final Prototype and
some minor additional revisions, the Tree Planting and Moving Device can be made into
a viable product on the market in the near future.
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8.0 Future Work
The next step necessary in producing a marketable product would be to make the
design changes that were proposed in the Revised Device section. These changes were
based on testing and customer feedback of the Final Alpha Prototype. Once the Revised
Device is prototyped, it should be tested by potential customers. By having customers,
such as landscapers, home gardeners, and non-profit tree planting organizations test and
provide feedback on the Revised Device, it can be optimized one final time before it is
set into a large-scale production model.
Further testing that can be performed on the Revised Device includes failure
testing and operation of the device in various areas. Failure testing of the Revised Device
will be important for determining the number of cycles to failure on all the components
of the device in order to help prevent potential product failures and operational injuries.
It is also important to further test human interaction with the device in different settings.
For example, an understanding of the device's performance in urban locations can be
achieved.
The CityRoots organization can assist in the testing of the Revised Device. In
addition, landscapers, home gardeners and other non-profit organizations who would be
interested in eventually purchasing this device would find it useful to critique this
Revised Device prototype. It is possible to get more involved in fieldwork testing by
contacting landscapers, home gardeners and non-profit tree planting organizations who
will be potential customers and would be interested in engaging in such work.
After the Revised Device has been manufactured as a prototype and optimized
based on testing and feedback from potential customers, a plan for a large-scale
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manufacturing process of the device can be made. The manufacturing process will
require raw materials, machinery to manufacture the device as well as workers to weld
and assemble the product.
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